Abstract Mosquitoes are a disease vector with a complex ecology involving interactions between 15 transmissible pathogens, endogenous microbiota, and human and animal blood meal sources.
Introduction

29
Mosquitoes are known to carry more than 20 different eukaryotic, prokaryotic, and viral agents pathogenic potential, the dynamics are less clear. 48 We also lack a comprehensive understanding of the composition of the endogenous mosquito 49 microbiota and how it impacts the acquisition, maintenance, and transmission of pathogenic mi- 
123
Read distribution among non-host contigs 124 To investigate the microbiota of each mosquito, host, low quality, and low complexity sequences Read count distribution across non-host taxonomic groups detected among the set of 148 mosquitoes. Treemap overview of taxa detected among the assembled contigs are plotted in squares shaded according to taxon identity (legend) and sized according to number of reads supporting each contig (legend). Due to the uncertainty in prokaryotic and eukaryotic taxonomic assignments, cellular organisms are assigned to the lowest plausible taxonomic rank. Each distinct viral lineage is displayed as its own compartment. Reddish hues indicate negative-sense RNA viruses; purple hues indicate double-stranded RNA viruses; blue, green and yellow hues indicate positive-sense RNA viruses. The "uncurated viruses" box indicates contigs that were clearly viral in origin but were too fragmented and/or not associated with a RNA-dependent RNA polymerase. very low levels (<200 reads each). All of the Botourmiaviruses were found in sample CMS002_053a, reads) were also observed, of which nearly a half can be assigned to the species Lachancea thermo-178 tolerans (6,700 reads). Plants (Viridiplantae, 13,000 reads) and Apicomplexa (9,600 reads) comprise 179 the last two categories of eukaryotes with notable read prevalence in our data. Many contigs could 180 only be assigned at the highest taxonomic levels: cellular organisms (0.28 million), bacteria (0.12 181 million), and eukaryotes (50,000 reads). independent periods of evolution, CEN is additive over studies (so long as the tree topologies agree).
210
In contrast, statistics from pairwise comparisons, such as percent identities to the closest previously 211 described sequence, will depend on the order in which new genomes are considered. 
Blood meals and associated microbes
287
We next investigated the possibility of identifying the blood meal host directly from metatranscrip-288 tomic sequencing. We restrict this analysis to the 60 mosquitoes from Alameda County, as they were 
297
These findings are broadly consistent with the habitats where the mosquitoes were collected. RdRp cluster, we consider any other contig cluster whose sample group overlaps the set of samples Also, the high incidence of viral co-infections has implications for the potential for viral recom-489 bination or reassortment within the mosquito population. As described for WMV6 below, such 490 information can provide clues to transmission, virus evolution, and mosquito movements over time.
Wuhan mosquito virus 6 phylogeography
491
Blood meal sources and xenosurveillance 492 The identification of blood meal hosts is important for understanding mosquito ecology and control- 
Materials and Methods
553
Mosquito collection 554 Adult mosquitoes were collected at sites indicated in Figure 1- 
598
Host and Quality Filtering
599
Raw sequencing reads were host-and quality-filtered and assembled using the IDseq (v3. To select reads for assembly, we performed a series of filtering steps using the IDSeq platform:
614
Filter Host 1 Remove reads that align to the host reference using the Spliced Transcripts Alignment 615 to a Reference (STAR) algorithm (Dobin et al., 2013) .
616
Trim Adapters Trim Illumina adapters using trimmomatic (Bolger et al., 2014) .
617
Quality Filter Remove low-quality reads using PriceSeqFilter (Ruby et al., 2013) . The putative non-host reads for each sample were assembled into contigs using SPADES with 629 default settings. The reads used for assembly were mapped back to the contigs using Bowtie2 (flag 630 very-sensitive), and contigs with more than 2 reads were retained for further analysis.
631
Taxonomic Assignment
632
We aligned each contig to the nt and nr databases using BLASTn (discontinuous megablast) Default parameters were used, except the E-value cutoff was set to 1e-2. For each contig, the results 636 from the database with a better top hit (as judged by bitscore) are used for further analysis.
637
For contigs with BLAST hits to more than one species, we report the lowest common ancestor 638 (LCA) of all hits whose number of matching aligned bases alignment length*percent identity is 639 no less than the number of aligned bases for the best BLAST hit minus the number of mismatches 640 in the best hit. (In the case that the same segment of the query is aligned for all hits, this condition 641 guarantees that the excluded hits are further from the best hit than the query is.) 642 For 172,244 contigs there was a strong BLAST hit was to a species in Hexapoda, the subphylum of 643 arthropods containing mosquitoes. This is likely a consequence of the limited number and quality 644 of genomes used in host filtering, and all contigs with an alignment to Hexapoda of at least 80% 645 of the query length or whose top hit (by e-value) was to Hexapoda were discarded from further 646 analysis.
647
Contigs with no BLAST hits are referred to as "dark contigs". that the putative segment is present in).
681
In cases where a singleton segmented (bunya-, orthomyxo-, reo-, chryso-like, Given the trees, the branch length contribution was quantified using "contribution of evolution- Sampled networks were summarised by using network-specific software provided with BEAST2.
805
The network was visualised using baltic (https://github.com/evogytis/baltic).
806
Thanks to the presence of closely related viral sequences that were collected a number of years prevalence. Viral abundance is often calculated based on bulk mosquito sequencing, which does not provide information about the prevalence or heterogeneity in abundance of a virus across the mosquito population. Both Culex narnavirus 1 and Culex pipiens-associated Tunisia virus were found in Culex erythrothorax mosquitoes at the same collection site in West Valley. A total of 10 C. erythrothorax mosquitoes were collected at this site, and the bulk abundances as calculated by the mean % non-host reads averaged across the 10 mosquitoes for Culex narnavirus 1 and Culex pipiens-associated Tunisia virus were 8.3% and 10.6%, respectively. The prevalence differed more, at 30% and 90%, respectively. RdRp-based maximum likelihood tree spanning the quaranjaviruses in this study for which 8 segments were recovered. The 8 boxes in the graphic to the right of the tree correspond to each of these 8 genome segments, which are labeled at top right. Levels of evidence for the existence of each segment is highlighted by a grey scale shading of the segment boxes, ranging from strong (black) to modest (white), based on: homology to BLAST hits from NCBI nt/nr database (black); assembly of contigs >500nt from SRA samples containing the RdRp, or co-occurrence in >10 samples in our data (dark grey); reads mapping from SRA and co-occurrence in 5 samples in our data (light grey); or co-occurrence in <5 samples and shared protein domains (white). 
